ABSTRACT Floorlayers and age matched carpenters with long (>20 years) and short (5-10 years) occupational experience were compared with respect to chronic and acute neuropsychiatric, neuropsychological, and general health effects as related to different types of solvent exposure. An increased prevalence of neuropsychiatric illness occurred among floorlayers with long occupational experience, possibly caused by high levels ofexposure which were present until the 1970s. The disease appears partly reversible since, at the time of the investigation, all had essentially recovered. Some impairment of performance in psychological tests was seen, however, in this group. Visuoanalytical impairment was associated with indices of exposure to glues based on alcohols whereas contact adhesives appeared more deleterious to perceptual functions. The increased prevalence of neuropsychiatric symptoms among the floorlayers was interpreted to reflect mainly acute effects on the central nervous system.
Several cross sectional studies on the effects of neurotoxic exposure, based on psychological testing, appeared during the 1970s. In most of these studies comparisons were made between the mean performance in exposed and unexposed groups or between groups with high and low exposure.
Many of the cross sectional studies have indicated impaired memory or learning ability in the exposed groups, impaired perceptual speed or accuracy, impaired psychomotor speed or manual dexterity, prolonged reaction time, or an increased variability in reaction time.16 These impairments, however, may be a combination of both acute and chronic effects, as could be the case with the various symptoms reported in connection with solvent exposure, nausea, affect lability, concentration disturbances, and memory deficits, for example.7`The signs and symptoms are more or less in agreement with the so called psychoorganic syndrome,10 which is also characterised by a decreased ability to engage in abstract thinking. It has been associated with organic dysfunction in the central nervous system.
The exposure index most commonly used in cross sectional studies is the number of exposed years supplemented by measurements of the solvent concentrations in the working environment at the time of the Accepted 13 May 1985 investigation. Correlations between indices of exposure and effects have shown no reliable doseresponse relation in studies on long term effects, although such associations are obtained in experimental studies of acute effects." Systematic associations between symptoms and performance impairments have not been reported either.
The selection of subjects into the studies has generally been guided by their availability. Selection according to predetermined criteria of the degree of exposure may be more efficient, since restrictions on exposure may make contrasts between acute and chronic effects possible. One strategy in a cross sectional design may be to select the subjects according to exposure criteria so that chronic effects are more or less likely to have developed. The experience is that an exposure period of about ten years or more is generally required for solvent induced neuropsychiatric disorders to develop."2 Epidemiological studies have indicated an association between neuropsychiatric disorders and different occupations with solvent exposure-for example, painting, '3 14 carpenting/cabinet making with exposure to lacquers and glues,'5 and construction work.16 The rate ratios found have been around 2, and consequently the attributable risk in these occupations is about 50%-that is to say, every second individual in these occupations with a severe neuropsychiatric disorder might have developed the dis-101 102 order as a result of his exposure.
Floorlayers have previously been exposed to high concentrations of solvents. Measurements of solvent concentrations in the air during the early 1970s have shown hygienic effects,'7 using the Swedish TLVs of 1982, from 1 to 7 for glues based on alcohols (ethanol/methanol) and for contact adhesives containing 75% solvents (benzine, acetone, toluene, and xylene) (unpublished measurements from the Swedish National Board of Occupational Safety and Health). These types of glues were commonly used during the late 1950s and 1960s. During the 1970s water based glues containing less than 5% solvents have gradually been introduced and the levels of exposure have substantially decreased.
Floorlayers with long and short durations of occupational experience respectively were considered to be interesting groups to study with respect to the development and the prognosis of chronic and acute solvent effects. Since their use of various types ofglues is reasonably well defined, it was also considered possible to obtain individual indices for the various types of exposure.
Material
A questionnaire asking for the number of years worked in the occupation and the major professional tasks undertaken throughout their working life was posted to all 270 union registered floorlayers in the Gothenburg region, of whom 91% replied. The floorlayers were subgrouped according to the number of years in the occupation; parquet makers were excluded. Twenty five floorlayers with more than 20 years experience and 25 with 5-10 years experience were randomly drawn from their respective subgroups to take part in the study. From a list of all 3737 union registered carpenters in the same region six, matched for age, were drawn for each floorlayer. A questionnaire asking for number of years work experience and major tasks undertaken was also posted to these 300 men; 86% replied. For each selected floorlayer one carpenter was randomly drawn from among those who filled the criteria of similar age (± 2 years), number of years experience (±5 years), and having not worked with solvents.
Subjects with diseases not related to their work, but possibly having effects on the central nervous system such as diabetes, epilepsy, or severe head trauma with lengthy unconsciousness, were excluded and replaced with new, randomly drawn subjects from the same subgroup.
The mean age was 46 (SD 7 years) in the two groups with long (mean 29 years, SD 6 years) work experience and 28 (SD 4 years) in the two groups with short Ekberg, Barregdrd, Hagberg, and Chronic and acute effects ofsolvents on central nervous system functions infloorlayers Table 5 tive association with the number of years worked when calculated for the whole group of floorlayers but performance on the psychomotor tests had, unexpectedly, a positive association with floorlayer years (table 5) . This association disappeared when the group with short work experience was excluded from the analysis. In the group with long experience the total dose of contact adhesives was negatively associated with performance on perceptual tests whereas the total dose of alcohol based glues was negatively associated with performance on visuospatial tests and visual memory and a psychomotor test (table 5) . No systematic associations between the exposure indices and performance on psychological tests were obtained for the group with short experience.
The number of reported symptoms did not correlate with the exposure indices or with performance on psychological tests.
Discussion
Two groups of floorlayers with long (> 20 years) or short (5-10 years) work experience were thoroughly investigated with respect to past and present exposure to organic solvents and their health and central nervous system function were compared with that of carpenters. All the subjects were active in their professions and hence there was no reason to suspect any severe clinical diseases.
The cross sectional design of the study causes difficulties in evaluating acute as compared with chronic effects of solvent exposure. Various experimental studies of the acute effects of isolated short term exposure to solvents have shown that short term exposure, even at low levels, has a negative effect on performance."1 Since, in most cross sectional studies, the exposed group has been unexposed for only a few hours or days before the investigation, acute and chronic effects may be confused and this would tend to overestimate the chronic health hazard. The subjects in the present study, however, were selected with regard to duration of exposure to make a differentiation between acute and chronic effects possible. If acute effects only were present both groups of floorlayers would be equally likely to suffer from them. It is unlikely that chronic effects would be seen in subjects with only 5-10 years in the job12 but such effects are conceivable in the group with at least 20 years in the profession. A drawback of the study is that the group with long experience may suffer from the healthy worker effect which would lead to an underestimation of the chronic health hazard.
The exposure history of the subjects and the measurements of present exposure levels indicate that solvent exposure was high up to the early 1970s. Water based glues were then introduced and the present exposure levels correspond to a hygienic effect less than 0 5. Flooring in bathrooms and laundries when contact adhesives with high content of solvents are used may still give high levels of exposure, however.
The increased prevalence of neuropsychiatric illness in the floorlayer group with long exposure may be associated with the high levels of exposure during the 1950s and 1960s, since no other likely cause of the disease was shown. It also appears that the disease was partly reversible since, at the time of the investigation, all had essentially recovered. The negative associations obtained in the group with long professional experience between the exposure indices and performance in psychological tests, although weak, support the hypothesis that previous high levels of exposure, in particular to glues based on alcohols, has had some irreversible effects on the central ner-106 vous system. The increased prevalence of neuropsychiatric symptoms in both floorlayer groups, as compared with the unexposed carpenters, may indicate that exposure even at levels below a hygienic effect less than 0 5 causes symptoms to develop. Since no performance decrements were seen in the group with short occupational experience, and since the symptoms and performance in the psychological tests were unrelated, the symptoms are likely to reflect acute adverse effects on the central nervous system. It is also possible that anxiety about the health effects of solvent exposure may make the floorlayers more observant of symptoms that are essentially normal. It may also be the case, however, that different mechanisms cause the development of symptoms and performance impairment respectively.
The results of the present study indicate that it may be possible to separate chronic and acute effects within a cross sectional design, provided that the studied groups are selected with great care and according to predetermined criteria with respect to their exposure to solvents. The results also indicate that it is possible to detect different effects on the central nervous system of different types of solvents. Although the negative associations between exposure to glues based on alcohols and visuoanalytical test performance are weak, they point to effects of these types of solvents that are in agreement with the association frequently obtained between excessive oral ethanol intake and impaired visuospatial performance (H Bergman, paper at conference on clinical implications of recent neurological findings, Boston, 16-18 May 1984) . Exposure to contact adhesives appears to be most deleterious to perceptual functions. The results emphasise the importance of reducing exposure to neurotoxic solvents in those countries where alcohol based glues or contact adhesives are still widely used by floorlayers.
